INTRODUCTION
Measurements on the sensibility of Lepomis to very dim spectral lights have been made with the purpose of testing the hypothesis that the photosensitive retinal pigment, known as visual purple, is responsible for vision at low intensities of illumination.
Since the pioneer morphological investigation of Schultze (1866) , it has been known that the vertebrate eye usually contains two kinds of photoreceptors. In man, this duality of anatomical structure is paralleled physiologically by the presence of two, qualitatively different, kinds of vision. Visual sensation produced by high intensities is accompanied by color perception, whereas visual sensation produced by very low intensities--even of spectral lights--is indistinguishable from that caused by white light.
These dim spectral lights are not, however, identical in their efficiency. Less energy of the wave-length 500 m/z is needed to produce a sensation of given brightness than is necessary if lights of the wavelengths 450 m/~ or 600 m/z are used, although these three spectral lights cannot be told apart as to their colors. The quantitative description of these differences in the effectiveness of various spectral lights for liminal perception by the human eye is called the scotopic (or dim vision) visibility curve. It was first obtained by Hering and Hillebrand (Hillebrand, 1889) and is shown as the continuous curve of Fig. 1 , taken from the more recent and accurate determinations of Hecht and Williams (1922) (Koettgen and Abelsdodf) ; the broken line is the visibility curve of the human eye at low illumination (Hecht and Williams) ; and the dot and dash line is the absorption spectrum of fish visual purple (Koettgen and Abelsdorif) .
proposed by yon Kries in 1894, the rods are the functional elements responsible for dim vision.
Boll (1876) discovered that there is in the rods a sensitive pigment which has since come to be known as visual purple. This substance, which has a reddish color, has been further investigated by Kfihne and his coworkers (Ewald and Kiihne, 1878) who found that it can be extracted from the retina with a solution of bile salts. It is bleached by light both in the retina and in solution. In situ, it regenerates in the absence of light. These two important properties immediately led to the assumption that visual purple is the photosensory substance responsible for vision. This was especially so since Kiihne pointed out that the effectiveness of spectral lights in bleaching visual purple is roughly proportional to their effectiveness in vision.
However, visual purple has never been found in the cones, which, in man, are by far the most important visual sensory elements. On the other hand, Koenig (1894) and Trendelenburg (1905) have brought forward evidence for the hypothesis that visual purple is responsible for dim vision. It is from this restricted hypothesis that the theoretical significance of the scotopic visibility curve is derived. The evidence in favor of this hypoth'esis depends upbn the visibility curve, and is two fold.
First, Koenig and others have shown that the scotopic visibility function is practically identical in form with the absorption spectrum of visual purple. That is, visual purple absorbs the various spectral lights in the same proportions as they are effective for the eye (Koenig, 1894; Koettgen and Abelsdorff, 1896) . Second, the curve describing the rate of bleaching of visual purple by spectral lights is also very similar to the dim-visibility curve. In other words, the relative effectiveness of spectral lights in bleaching visual purple is similar to their relative capacity for stimulating the eye (Trendelenburg, 1905) .
This similarity between the bleaching curve of visual purple, its absorption spectrum, and the human dim-visibility curve is very striking. A direct relation between the first two follows, of course, from the Grotthus-Draper law of photochemistry. Bleaching is the effect of light on visual purple and this law states that lights are effective only to the extents that they are absorbed. The close correlations between these two curves and the visibility function, unless purely fortuitous, follows, however, only if bleaching of visual purple by light is the primary cause of dim vision.
The hypothesis that visual purple is responsible for dim vision rests, therefore, mainly on the experimental fact that the human scotopic visibility curve is similar in form to the absorption spectrum of human visual purple. The possibility that this agreement may be fortuitous is not entirely removed by the fact that it is found in some other vertebrates as well, since all the animals studied so far (frog, cat, and fowl) have similar visual purples and show similar visibility curves.
A further test of this hypothesis can, however, be made. Koettgen and Abelsdorff examined thoroughly the absorption spectra of visual purple extracts from all the vertebrate classes in which this pigment can be obtained. They found that visual purples from mammals, birds, and amphibians all give one type of absorption spectrum which is identical with that found by Koenig for human visual purple. This absorption spectrum is shown in Fig. 1 in broken line. There is a systematic difference between the absorption and visibility curves, the latter being shifted 7-8 m# towards the red end of the spectrum. This difference has been interpreted (Hecht and Williams, 1922) on the basis of Kundt's rule, as due to the difference in the refractive index of the solvent media in the two cases. The outer portions of the rods, where visual purple is found, are highly refractive bodies and Kundt's rule states that when a substance is dissolved in two different media its absorption spectrum in the solvent of higher refractive index is shifted to the red.
In Fig. 1 is also shown the absorption spectrum of the visual purple found by Koettgen and Abelsdorff in eleven species of fish. It has essentially the same shape as the other curve but is shifted to the red so that its maximum is near 540 mlz instead of 500 m#. Because fish visual purple is different from that of all other vertebrates, it is possible to test the hypothesis that visual purple determines the visibility function at low intensities, since, according to this hypothesis, the visibility curve of fish when measured at low intensities should be different from that of other vertebrates and should be determined by the absorption spectrum of the corresponding visual purple.
There have been few attempts to obtain the visibility function of vertebrates other than man. Chaffee and Hampson (1924) have presented very good data on the excised frog retina. Honigmann (1921) and Murr (1928) measured the visibility curves of the living fowl and cat, respectively. The only measurements on fish revealed in the literature have been made by yon Hess (1909) . He placed a school of young, positively phototropic fish in a glass t a n k one side of which was illuminated b y two adjoining patches of light. One patch was produced b y a source of variable spectral composition. T h e other was formed b y a white light whose intensity could be varied. B y adjusting the brightness of the white p a t c h until 50 per cent of the fish collected at either field, Hess measured the a m o u n t of white light necessary to balance a n u m b e r of spectral lights. I n his paper, he gives a plot of these "white valences" against the wave-lengths of the spectral lights and concludes t h a t it is similar to Hering's plot of the scotopic visibility curves of normal and color-blind men. A close examination of Hess' evidence reveals, however, m a n y weaknesses. H e gives no numerical data, makes no correction for the energy distribution in the spectrum of his source of light, and fails to show a n y data at the critical points which would determine the curve.
I t has therefore been necessary to investigate the visibility function of fish at very low spectral illuminations, so as to secure measurements capable of testing the hypothesis t h a t visual purple determines this function in dim vision.
The Method and Apparatus Used
The visibility curve of fish, determined for the purpose just described, must ultimately be compared with that of man because the latter has been obtained very accurately by numerous observers, and constitutes, in a sense, a standard of comparison for measurements on other vertebrates. Accordingly, it was decided to obtain the data on living, individual fish by a method which would not depend on any previous training or conditioning of the animal. Measurements obtained under these restrictions are strictly comparable to those on the human eye.
Of the several methods which have been employed in previous work, only that of Honigmann satisfies the conditions imposed. The method used by Chaffee and Hampson for the frog depends on the measurement of the energy of various spectral lights which is necessary to produce a constant action potential. However, it was used only on excised eyes. The Dressur technique, which is well known through the work of yon Frisch and his students, has achieved many triumphs but, since its essence involves training, it runs counter to our restrictions. Finally, there is the method used by Hess that has already been described, which is statistical in nature, depending on the average response of a large group of animals.
These self-imposed restrictions have necessitated the development of a method which determines whether the individual animal can see a light of given energy content. This method takes advantage of the well known fact that a fish follows, with its body, a movement in its visual field. This response to a movement is found in many other animals and belongs to the general glass of tropisms. Rather unfortunately, it is known as the "rheotropic reaction," a misnomer antedating Lyon's proof in 1904 that it is a response to a visual stimulus and not to a water current. Main (1927) A is a top view showing diagrammatically B is a vertical section of the box holding the mirror, the honey bee (Hecht and Wolf, 1929) and of Drosophila (Hecht, Wolf, and Wald, 1929 ).
The common sun-fish, Lepomls, is particularly accurate in its response to a moving visual stimulus and has therefore been employed in these experiments. It is placed, (Fig. 2) , in a cylindrical glass jar on a glass-topped table. Around the outside of this tank is a cylindrical screen composed of equal and alternate vertical bars and spaces. These bars are made by milling out alternate 2 mm. strips from a thin brass sheet 32 cm.long and 15 cm. wide, almost to the long edge and parallel to the width, and then joining the edges to form a hollow cylinder. A beam of light, sent up through the glass table top, is reflected through this screen and towards the animal in the tank by a hollow, truncated 45 ° cone made of piaster of Paris. The bottom of the glass jar is covered on the outside with translucent paper so that the portion of the light beam which fails on it directly produces an even and dimly illuminated background against which the animal can be observed.
When the illumination is sufficiently bright, rotation of the screen at the rate of 1 cm. per second causes the fish, which is generally quite motionless, to swim suddenly in the direction of the rotation. Upon reversing the motion of the screen, the fish reverses its direction. The animal responds in this way to continued reversals of the screen for minutes at a time.
On decreasing the illumination, a point is reached at which no response is produced. The minimum intensity at which the fish still responds varies with the size of the bars and spaces which make up the screen. The intensity or, more precisely, the energy content of the beam at which the reaction is just elicited varies also with the wave-length of the light. Thus, by using one constant screen and varying the spectral composition of the illumination, it is possible to obtain the visibility curve of a single individual. The experimental procedure is a matter of determining the minimal amounts of various spectral energies that are needed to produce a response by the fish to a rotation of the screen.
As already mentioned, the screen is composed of elements which are 2 ram. wide. Since its distance from the animal's eye is approximately 1 cm., the corresponding visual acuity is about 0.01 Sneilen units. It was first shown accurately by Koenig that the human eye needs very low illumination indeed, to possess this visual acuity. Lepomis, also, requires very dim illuminations to respond to the rotation of the screen. The brightness at which these measurements have been made is of the order of 10 -~ milliiamberts. These measurements accordingly describe the relative efficiency of spectral lights for the dim vision of the sun-fish.
This method, in general, assumes that the visibility curve obtained by measuring the relative effectiveness of various spectral fights in permitting the discrimination of a constant pattern are comparable to the curve determined for a constant level of brightness sensation. I have tested this assumption by using this method to measure my own visibility curve. A single set of determinations was sufficient to show that the curve thus obtained is identical with that obtained by other methods. These data are reproduced in Fig. 3 together with the curve of Hecht and Williams which is an average of many determinations on different individuals.
Spectral fights are obtained in these experiments from a Hilger constant deviation spectrometer having a symmetrical frgnt slit. Both this slit and that on the collimator are open only 0.5 ram., so that fairly homogeneous spectral bands are used. The purity of the band varies, of course, with the wave-length, but its width is not greater than 2 rag. The light source is an 18a. 6v. Mazda lamp with a vertical fil~bon filament.
The energy content of the beam is measured by means of a Hilger thermopile and a Leeds and Northrup type HS galvanometer. In the earlier experiments, Coming glass filters were used to reduce stray light. Their spectral transmissions have been measured spectrophotometricaUy, and the proper corrections made in the data.
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re-length FIG. 3 . Human visibility function at low illumination. The points were determined for the eyes of H. G. by the moving stripe method described in the text; the smooth curve is that obtained by Hecht and Williams with 48 observers using the equality of brightness method. The two methods apparently give similar results.
The intensity is varied by passing the beam through any desired portion of an Eastman Kodak balanced neutral wedge which is mounted in a movable carriage designed by Mr. Simon Shlaer of this laboratory. The wedge is calibrated photometrically so that the transmission at any given setting of a scale which is mounted with it is accurately known. The available portion of the wedge is 13 cm. long and permits a gradual change in the intensity over a range of approximately 1 : 1,000. The position can be read accurately to 0.1 ram., although the measurements during these experiments have rarely been to closer than 1 ram. The transmission of the wedge is described by the equation Log I = 3.305 --0.208x (1) where x is the scale reading in cm. and log I is expressed in arbitrary units. Since the dye mixture used in the wedge is not quite neutral, spectrophotometric calibration of its spectral transmission has been made and proper corrections have been applied. In certain cases, Wratten neutral filters have been used to supplement the wedge. These have also been calibrated spectrophotometrically, and the data corrected accordingly. Special attention is called to these corrections because they are usually ignored on the supposition that such wedges and filters are really neutral; their neglect here would produce distinct errors.
Procedure
Thirteen animals have been used in these experiments. The first three were obtained from a dealer while the others were supplied by the NewYork Aquarium, through the courtesy of Mr. Breder Only those animals which responded best to a moving screen have been used. Little difficulty has been found in keeping the fish in the laboratory for about 6 months, each individual living in a separate balanced tank.
A standardized experimental procedure has been adopted in this work. The cylindrical jar is cleaned before use and filled with 250 co. of filtered tap water.
Since it is about 9 era. inside diameter, the depth of water is 4 cm. The animal to be used is then transferred from its home tank into the experimental one and is placed in the apparatus. It is allowed to become dark adapted for at least 2 hours. 15 minutes before the end of this adaptation period, the observer enters the dark room to become dark adapted also. During this time the spectroscope is set and the lamp current adjusted to the correct amperage.
When the observer has become sufficiently dark adapted, the shield around the cone table is removed, the wedge set at its densest point, and the shutter on the spectroscope then opened. The screen is rotated in either direction. If the animal does not respond, the wedge is moved out about 5 ram. to increase the intensity of the light and the screen is again rotated. This procedure is repeated until the animal gives a definite reaction. The light is again dimmed by moving the wedge in several mm. By gradual search over these last few divisions, a setting of the wedge is obtained at which the animal still responds, whereas it does not do so at the next small decrease of the intensity. The scale reading is recorded, and the measurement is repeated. The spectroscope is then set for another wavelength, and a measurement made. The order of the readings is purposely made irregular. The time elapsed in a complete experiment is about 2 Kours, exclusive of the adaptation period.
I t has been possible to determine the minimum energy required by fish to respond to the moving screen for wave-lengths between 450 m/z and 600 m#. Determinations could not be made at shorter wavelengths because the energy emitted by the source in that region is not great enough. The long wave limit is determined by the fact that the animals seemed to be more sensitive to these wave-lengths than the observer, and appeared to respond to intensities below those needed to give sufficient illumination on the background for accurate observation. T h e measurements for any given wave-length are obtained in terms of the wedge scale reading. B y means of Equation 1, these values are converted into the logarithms of an arbitrary intensity scale. Since the visibility function is best expressed in per cent of the most efficient wave-length, this arbitrary scale is entirely adequate. One absolute value has already been mentioned. At 540 m/z, with a wedge setting of 14.0 cm. corresponding in order of magnitude to the intensities used, the reflecting face of the plaster of Paris cone has a brightness of 1 X 10-6millilamberts.
In calculating the minimum energy at any wave-length necessary to cause a n o r i e n t e d response b y the sun-fish, t h e r e are a d d e d to the log I v a l u e s o b t a i n e d from the d a t a the l o g a r i t h m s of the v a r i o u s corr e c t i o n factors which h a v e a l r e a d y b e e n described. T h e use of these correction factors e l i m i n a t e s from the m e a s u r e m e n t s the differences 
u e to the a p p a r a t u s ; the v a l u e s t h e n refer o n l y to the r e l a t i v e effectiveness w i t h which the v a r i o u s w a v e -l e n g t h s s t i m u l a t e the eye. T h e s e corrected values, which are n o w in t e r m s of the l o g a r i t h m s of the r e l a t i v e energy, are p l o t t e d a g a i n s t t h e w a v e -l e n g t h s for w h i c h t h e y h a v e b e e n o b t a i n e d . A s m o o t h c u r v e is d r a w n t h r o u g h the p o i n t s
to find the most effective wave-length. The reciprocal of the minimum energy (EX) at any wave-length (X), divided by the reciprocal of the minimum energy (EXma,) required at the most effective wavelength (Xm~,) gives the efficiency of the wave-length (k) in per cent. An example of the steps in the calculations of a single series of measurements is given in Table I . 
Data
Twenty-five sets of data have been obtained on the thirteen animals used. They are presented in Table II . Of the twenty-five sets, twenty-three have been averaged and their average is included in Table II . The two runs 8I and 8II have been tabulated separately; the results with this Animal 8 are exceptional. The significance of these exceptional results will be discussed in a following section.
In Fig. 4 there is shown the result obtained with a single animal. It is entirely typical. The averaged measurements for the twentythree series are shown in Fig. 5 . It is apparent from Table II between 535-545 m#. The efficiency drops very rapidly on the long wave side of the maximum until at 600 m/z it is only about 10 per cent. On the short wave side, the drop is equally steep but stops at 520-530 m/z. From there on, the curve is either flat or there may be a slight hump. This portion of the curve is variable among the different animals and even from day to day in the same individual.
The Absorption Spectrum of Lepomis Visual Purple
Comparison of the absorption spectrum of fish visual purple, taken from the data of Koettgen and Abelsdorff (shown in Fig. 1 ) with the visibility curves given in Figs. 4 and 5, reveals that while both m a x i m a are approximately at the same wave-length, the shapes of the two curves are entirely different. If visual purple determines the dimvisibility function, b o t h the shapes and the m a x i m a of the two curves should be almost identical. There is, however, the possibility t h a t Lepomis visual purple is different from t h a t of the eleven species of fish examined b y K o e t t g e n and Abelsdorff. This is ruled out b y the measurements of the absorption spectrum of Lepomis visual purple which I carried out during the summer of 1929 at Woods Hole.
Extracts of visual purple have been made from the eyes of Lepomls, in a solution of bile salts, after the m e t h o d developed b y Kiihne. The modification described by H e c h t (1920) has been used. Since it was found difficult to remove the retina from the optic cup, the enucleated eye has been used for the extraction in most cases.
The procedure is as follows. About twenty sun-fish, all approximately 15 cm. long, are dark adapted in the dark room aquarium for a period ranging from 4 hours to overnight. They are taken out in a dim red light, and their heads are chopped off immediately, using a heavy fish knife pivoted at one end. As the head is severed, it is thrown into a large tank containing 10 liters of Ringer's solution. This tank is shielded from even the faint red light; the large volume of water it contains promotes removal of blood from the head.
When all the heads have been collected, the eyes are dissected out by making three incisions in the head, one through the top and one through each cheek. The eyes are then raised out with a curved forceps, and the cornea cut off with a fine scissors. The lens and humor are squeezed out gently and the enucleated eye is pulled out of the head and dropped into a jar of fresh Ringer's solution. When all the eyes are thus removed, the liquid is changed; and the eyes are then placed in centrifuge tubes and covered with more Ringer's solution.
After centrifuging in the dark for about fifteen minutes at a speed of 2300 R.I,.~., the supernatant liquid, containing substances soluble in Ringer's solution, is poured off. 10 cc. of an aqueous 4 per cent bile salts solution are added. The eyes are shaken up in it, and the mixture allowed to stand in the dark for 30 minutes. On centrifuging again, a reddish solution is obtained which contains the visual purple. It is used as fresh as possible and kept at 0°C. when not in use.
The bile salts were prepared from the best obtainable commercial grade by decolorlzing with charcoal in an alcoholic solution until only a faint trace remained of the yellow pigment present in the bought product.
The solution of visual purple obtained as described, is too concentrated for accurate absorption measurements and dilution to a convenient concentration must be made. The absorption measurements have been made with a single chambered cell, presenting a layer of solution 5 mm. deep, and a Koenig-Martens spectrophotometer. The cell is held in a special fitting on the stage of the instrument to eliminate any movement.
In order to decrease the bleaching effect of the measuring light, Coming colored falters have been used to eliminate lights of unnecessary wave-lengths. The intensity of the source is also cut down by means of a rheostat to the lowest point at which readings can be made without loss of accuracy. The readings have been scattered and also repeated in the reverse order to compensate for possible bleaching. When the measurements are finished, the visual purple is bleached without moving the cell by exposure to a 50 watt lamp for 20 minutes, and the absorption curve of the bleached substance is then determined. The difference between the two absorption curves represents the absorption spectrum of visual purple. Difficulty has been found in obtaining consistent results. This difficulty is not due to technical errors since similar measurements on frog visual purple check very well with those of Koettgen and Abelsdorff. The visual purple of Lepomis often becomes cloudy in a very short while and also bleaches rather more quickly than does that of the frog. These two factors are probably responsible for the difficulty.
T A B L E III
A bsorption Spectrum of Lepomis Visual Purple
Eight sets of data (shown in Table I I I and in Fig. 6 ) have been obtained by using fresh solutions and taking a few rapid readings at well scattered points. These are in general a~reement with the measurements of Koettgen and Abelsdorff. Whatever may be the explanation for the greater variability in the data on the absorption spectrum of Lepomis visual purple, the averaged curve has the same maximum as that obtained for other fish by Koettgen and Abelsdorff. This maximum lies between 535 and 545 m/z. The Lepomis curve is somewhat narrower than that of other types of fish visual purple, but it is obviously much wider than the visibility curve of the sunfish.
DISCUSSION
It is to be seen from the data presented in the last two sections that the wave-length of maximum effectiveness for the eye of Lepomis is almost identical with the wave-length which is absorbed most by its visual purple. Taking into consideration the fact that this correspondence also occurs in man, the frog, and the hen, we may conclude that visual purple is the photosensitive substance which determines at least the maximum of the visibility curve measured at low intensities. Thus, one prediction which is made on the hypothesis that visual purple is responsible for dim vision has been verified for an animal whose visual purple is different from that found in all the groups which have been previously studied.
This hypothesis also predicts that the shape of the visibility curve should be determined by the absorption spectrum of fish visual purple.
The measurements on Lepomis, on the other hand, clearly show that such is not the case. There is, however, good reason for believing that we are dealing with an exceptional case.
The different visibility functions of Animal 8, which have already been mentioned, give a clue to the probable explanation. This animal was measured on three occasions. The first visibility curve obtained on this animal (8I) was very much broader than that usually obtained. Measurements made 3 days later produced a curve intermediate between the first set and the normal. Finally, measurements made 2 weeks later gave a visibility curve which was practically identical with the usual curve. The data obtained in the first and the last measurements on Animal 8 are plotted in Fig. 7 . The upper curve is for the last set of determinations and is essentially similar to that shown in Figs. 4 and 5. In the lower half of Fig. 7 , the circles represent the data for Set I of Animal 8. The continuous curve is the absorption spectrum of fish visual purple, while the broken line is the right portion of the usual low intensity visibility curve as taken from the curves of a number of other animals. It is evident that the data fit a composite curve very well.
The explanation which is proposed for the distortion of the usual visibility curve of Lepomis also takes into account the variable results on Animal 8. The data are explainable on the assumption that the eye of the sun-fish contains besides visual purple probably two light absorbing, but not light sensitive, pigments. Accordingly, the amount of light of any given wave-length which is needed to permit a response by the animal is the sum of the amount which is absorbed by the visual purple and that which is absorbed by the non-sensitive pigments. This extra absorption by the pigments causes a distortion of The data in the upper half (8III) were secured 3 weeks after the data in the lower half (81). The upper data are just like those given by all the other animals. In the lower half the continuous line is the absorption spectrum of fish visual purple according to Koettgen and Abelsdorff while the broken llne is the right half of the curve representing the usual low intensity visibility function. the visibility curve, which is determined primarily b y the visual purple alone. The extreme narrowness of the usual visibility curve is probably due to a decrease in the total absorption of the two pigments in the region of the maximum, which leaves it substantially unaltered and at the same time accentuates it with respect to the remainder of the curve. There is evidence for this from the nature of the pigments which I believe are responsible for the distortion of the visibility curve.
That there are pigments present in the eyes of fish has been known for many years. Cunningham and MacMunn (1893) described the presence of carotinoids. Melanin and guanin had been found even earlier. A discussion of the chemistry and distribution of these pigments is contained in the monograph of Verne (1926) . The cornea of the sun-fish eye too, is of a grayish green color, so that it also may act as an absorbing filter.
A series of very careful studies have been recently made on the retinas of bony fish by Wunder (1925) . He pictures the guanin and melanin pigments of the retina. Especially noteworthy is his Fig.  16 , p. 36, where it is seen that even in the dark adapted eye there is a dispersal of guanin around the rods.
My data indicate at least two pigments, one absorbing to the right and the other to the left of the maximum. They vary in concentration independently, and, since No. 8 showed at one time the complete absence of the pigment absorbing on the left while still possessing the other pigment (which does not seem to vary much from animal to animal), it is probable that this variable pigment is carotin. Carotin has a strong absorption band in the region demanded by the data (McNicholas, 1931) and is a nutritional pigment which is stored and used up as the physiological conditions vary (Palmer, 1922) . The day-to-day variations in the left portion of the visibility curve of any one individual is also probably due to this variation in the concentration of carotin. The second pigment, whose absorption is mainly to the right of 550 m#, may possibly be guanin but no absorption measurements on it have been discovered in the literature.
Such pigments are present in the eyes of most vertebrates; in most humans the quantity is not great enough to change the visibility function materially, though the macular pigment is well known and its effects recognized (Kohlrausch, 1931) . Dieter (1929) records one set of measurements which is explainable on the assumption that the subject had a large amount of pigmentation. He obtained the dim vision curve of a normal individual, for comparison with those of hemeralopes, which bears a remarkable similarity to those I have obtained for fish. Unfortunately, his data are not corrected for the energy distribution of the source, so that no strict comparison can be made.
Another example of the distortion of the visibility function can be seen in Honigmann's (1921) curves for fowl. Here, the cone curve is like the human, but the rod curve is very much narrower.
The same solution may be applicable to the data of Murr (1928) on the cat. He suggests another possibility, that reflection from the tapetum lucidum is responsible for this deviation.
CONCLUSIONS
The hypothesis that visual purple is the pigment whose reaction to light is the primary cause of vision has been subjected to a test. This hypothesis was put forward on the basis of the correspondence of the absorption spectrum of one type of visual purple with the visibility function of those vertebrates which possess this type of pigment. The test which has been applied takes advantage of the fact that there are two major groups of visual purples, as classified by their absorption spectra. If the hypothesis is correct, the visibility function of an animal possessing the second type of visual purple should be different from that of the animals having the first type, and should be determined by its visual purple.
This hypothesis is considered to have been substantiated adequately by this test, since, in dim vision, the wa~e-length of maximum effect on the eye of the sun-fish has been found to be ca. 540 m~, and thus is determined by the type of visual purple which is present in its eye.
The visibility function has a different form than can be predicted from a knowledge of the absorption spectrum of fish visual purple. This is considered due to the presence, in Lepomis, of pigments which are light absorbent but not light sensitive. These mask the form of the visibility function and, to that extent, may detract from the strength of the proof. It is possible that an investigation of other species of fish, either normal or albino, may reveal the visibility function without this added complication. SUMMARY 1. A test is proposed of the hypothesis that visual purple is the photosensitive substance concerned in dim vision. It is based on the fact that fish visual purple is different from that of other vertebrates. If the hypothesis is correct, the fish dim-visibility function should be different from that of other vertebrates and should be determined by the absorption spectrum of its visual purple.
2. A new method is described for obtaining the visibility function of fish, in quantitative terms. It depends on the measurement of the least amounts of various spectral energies which will produce a visual orienting response to the displacement of a constant background.
3. Data are presented on thirteen animals. It is shown that the maximum of the visibility function is identical with the maximum of the absorption spectrum of fish visual purple. The shapes of the visibility curves obtained are, however, variable and different from that of the absorption spectrum.
4. The possibility that Lepomis visual purple is different from that of other fish is ruled out by a series of measurements which confirm the results of Koettgen and Abelsdorff on other fish.
5. Reasons are given for the conclusion that there are present in Lepomis special conditions which distort the visibility curve out of true agreement with that predictable from the absorption spectrum of its visual purple. The suggestion is made that the presence of light absorbing, but not light sensitive, pigments is responsible for this distortion. One of these pigments may perhaps be carotin while the second is unspecified.
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